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Pu-t-ter-Heads 

This invention relates to putter-heads, 

5 The invention relates to putter-heads and is "concerned 

especially with improvement to the construction of putter- 
. heads for imparting topspin to a golf ball at impact. 

In putting a golf ball^ it* is desirable to impart forward 
10 rolling spin or topspin to the ball during the putting 

stroke. Topspin reduces ball skid on the putting surface 
and helps to initiate pure rolling motion. Imparted topspin 
is defined as the component of ball spin about a horizontal 
axis parallel to a putter impact-face imparted at impact by 
15 a putter such that the ball peripheral speed on the top 
surface of the ball exceeds its linear or translational 
speed. 

It is one of the objects of the present invention to 
20 provide an improved putter-head for imparting topspin to a 
golf ball at impact. 

According to one aspect of the present invention there is 
provided a putter-head wherein parameters of the head and 
25 impact-face related to imparted spin have values within 
• predetermined limits such as to provide imparted topspin 
for all impacts off the putter impact-face during normal 
putting . 

30 The putter-hQad may have a convex curved impact face with 
axes of curvature substantially parallel to its heel-toe 
axis, and may in the context of having a mass of M 
kilograms, centre of mass p millimetres behind the impact 
face and he millimetres above the bottom of the putter- 

35 head, a radius of gyration i<* millimetres about the, heel-toe 
axis through the putter-head centre of mass and impact-face 
loft angle. a± degrees, where a± is a function of impact 



height hi millimetres above the bottom of the putter-head, 
have positive spin rate S for all values of hi above 5 
millimetres. 



where : 

S = Sz + Sg 

0.76 X (-ai) 



= ~ 7 

1 + 0.04 X (p/K)^ 



250 X p X h 

Se = 



(3.2 •+ 70 X M) X + P^ 



h = hi - he - p X sxn (ax) 



(1) 



(2) 



(3) 



(4) 



Furthermore, the minimum value of S for impact heights hi 
may be +2.5 or more preferably +5.0 for values of hi above 
5 millimetres, or more preferably +2.5 or +5.0 for all 
values of hi. For preference, the height he may be less than 
10 millimetres, or, more preferably, not more than 7 
millimetres." For preference, the minimum value of on may 
be -iS but preferably no less than -10. 

For preference a putter-head according to the invention is 
provided with shaft attachment means wherein the axis of 
said shaft attachment means is horizontally displaced d 
millimetres either side of the horizontal heel-toe axis 
through the centre of mass. Also, the shaft-to-putter-head 
interface (i.e. the top of the bonded or otherwise attached 
section in the putter-head) is vertically displaced d2 
millimetres above this axis. To optimise the imparted 
topspin properties of the assembled putter, d should be 
ideally zero or less than r, where r is the radius of the 



3 

putter shaft -and d2 should be negative, but this ideal is 
often not practical or conflicts with other design 
requirements- In practice the ratio d/K may advantageously 
be less th-an +1-0 but more preferably less than +0.33. 
5 Similarly, the ratio d2/K may advantageously be less than 
+1.0 but more preferably less than +0.33. It is also 
advantageous that the displacement, measured in any 
direction, of the said shaft attachment means from the 
putter-head centre of mass is less than K- 

10 

A putter-head in accordance with the present invention will 
now be described, by way of example, with reference to the 
accompanying drawings, in which: 

15 Figures 1 to 3 are front-elevation, rear-elevation and plan 
view respectively of a putter-head according to the 
invention; 

Figure 4 is a sectional side-elevation of the putter-head 
20 taken on the line I-I of Figure 3; and 

Figures 5a and 5b show twg diagrammatic views of the centre 
section of the putter-head of Figures 1 to 4 and a golf 
.ball at two different instances of impact. 

25 

Referring to Figures * 1 to 4, the putter-head 1, comprises a 
low-density rigid insert 2 and a high-density base 3, The . 
base 3 forms the greater part of the putter head including 
the heel 4, the toe 5 the sole 6 and the shaft hosel 7. The 
30 insert 2 is bonded or otherwise fixed to the base 3 .and 

forms a rigid interface between the impact face 8 and the 
base. 

The insert 2 is preferably made from aluminium or magnesium 
35 alloy or a high modulus .composite. Titanium alloy or other 
high modulus medixim-low-density alloy may be used where 
impact-face grooves or ridges are provided, requiring 




harder, higher impact strength compared to alviminixam or the 
like. In this case, the insert can have reduced cross- 
section (to maintain low mass) but have the same outer 
dimensions. The main requirement is that the insert 2 
5 provides a rigid interface between a golf ball and the base 
3 at impact; In an alternative embodiment, the impact-face 
6 can have an outer layer or an additional insert of softer 
material to reduce impact vibration and noise intensity 
(giving a so-fcalled ^soft-feel') but it is disadvantageous 
10 to have the entire structure of the insert in soft material 
as this reduces topspin iiiqparted by vertical gear-effect. 

The rear portion of the insert is a close fit in a recess 
on the front upper part of the base 3. This arrangement 

15 serves to displace high-density material from the front and 
upper part of the base and so moves the centre of mass of 
the putter-head nearer the sole 6 and further back from the 
impact-face 8. A further means of displacing the centre of 
mass vertically downwards and horizontally rearwards is 

20 provided by removing part of the top front corner of the 
• base to form a sunken shoulder 9. The shoulder 9 may be 
offset from the top surface 10 of the base by approximately 
constant amount (as shown in Figure 1) or may be flat- 
topped. For stylistic purposes, the depth of the shoulder 

25 (horizontally into the base) may equal the depth of the 
insert. Otherwise the depth differs from that of the 
insert and may be in the range 5 to 20 millimetres, but 
preferably in the range 10 to 15 millimetres. 

30 Preferably the forward part of the base extends between the 
heel and toe ends, or nearly so, such that the overall 
shape of the front part of the putter-head is quasi- 
rectangular in plan view but has centre of mass height of 
less than 6 millimetres or even less than 5 millimetres. 

35 This arirangement partly maintains the appearance of 

conventional styled putters where the impact face typically 
extends most of the length of a putter-head, but also 




assists the aims of the invention to reduce the height of 
the overall centre of mass . (when combined with the insert 2 
and the remainder of the base) to less than 10 millimetres 
or more preferably not greater than 7 millimetres. For 
5 this purpose it is useful to make the height of the 

shoulder at least equal to the overall putter-head centre 
of mass (except ±n the region below the insert 2 where it 
is lower to aqcommodate the insert) . 

10 For the purpose of further description of the present 

invention, reference will be made to Figures 5a and 5b, 
which show diagrammatic views of the centre section of the 
putter-head of Figures 1 to 4 at two different, instants of 
impact with a golf ball 13 resting on a putting surface 14. 

15 . By way of illustration, the centre of mass 15 of the head 
1 is shown located at height he millimetres above the sole 
6 and at distance p millimetres behind the impact-face. Ir^ 
Figure 5a the centre of impact (a playing variable with 
random er.ror) is identified as being at a height 

20 millimetres above the sole 6 and in Figure 5b the centre of 
impact is at height hjb millimetres above the sole. 

For convenience, the profile of the impact-face 8 is shown 
with exaggerated convex form in Figures 5a and 5b. In this 

25 illustration, the upper half 16 of th^ impact-face • is flat 
and inclined with loft angle cxMAXr and is tangential to the 
convex curved lower half 17, where the loft angle gradually 
.reduces from ccMAXf through zero to" a maximum negative value 
at the lowest point on the impact-face. In general any 

30 suitable smooth (i.e. not abrupt) convex profile rtiay be 
used, wher^ the impact-face loft angle reduces from a 
maximum value (which may be positive or zero) at the 
uppermost part of the impact-face to a minimiam value, which 
is always negative, at the bottom of the impact-face. The 

35 profile being generally curved in one plane only such that 



the axis or axes of curvature are parallel to the putter- 
head heel-toe axis. 

the main effect required of the impact is to launch the 
golf ball 13 with , linear velocity substantially along the 
intended line of putt and preferably with a slight positive 
(upward) elevation angle. The upward trajectory is often 
provided by a small amount of loft (typically +3 degrees) 
on the impact-face of a putter. Moreover., most golfers 
adopt an approximate ^pendulum swing' in putting where the 
putter-head is swung about a Substantially horizontal axis 
with the swing rotation axig and the putter shaft axis in 
the same plane (or nearly so) and the said plane is 
substantially parallel to the heel-toe axis of the putter- 
head. The main variable with this type of swing is the 
position of the ball in relation to the vertical arc path 
of the putter-head. Preferably the ball is positioned such 
that impact occurs at or just beyond the bottom of the arc 
(on the upward part of the arc)/ but may otherwise be 
positioned either side of this range. 

Figure 5a shows an example of impact at the bottom of the 
arc, where the putter-head trajectory is horizontal (shown 
by arrow symbol 18a) . Here, impact generally occurs at 
mid-height to upper part of the' impact face. With impacts 
at this ball position the height of contact on the ball 
depends only on the loft angle ottax provided that the 
clearance 19a between the putting surface 14 and the sole 6 
is not more than the ball radius less the height of the 
convex curved lower half 17 of the impact-face. With 
gro\ind-to-sole clearance' greater than this, the height of 
contact will increase and may disadvantageously rise above 
the horizontal equator of the ball 13 and consequently 
launch the ball with a slight negative elevation 
trajectory. This type of putting stroke is rare except 
with players of less than moderate skill and typifies poor 
putter control. Nevertheless it is preferred that negative 




ball trajectory is avoided by providing that the region .on 
the impact -±ace where the loft is negative is limited to 
the lower 12 millimetres or more preferably the lower 9 
millimetres. 

5 

Figure 5b shows an example of impact at a point beyond the 
• bottom of the penduliom arc where the putter-head trajectory 
(depicted by arrow symbol 18b) has positive elevation. In 
this instance the ball launch trajectory is dependent on 

10 the combination of trajectory elevation angle and the loft 
angle at impact, which is generally slightly negative and 
varies both with the ground clearance ]L9b and the elevation 
angle of the trajectory 18b- Provided the sum of putter- 
head trajectory angle and loft angle at impact point is 

15 greater than -20% of the trajectory elevation angle, the 
ball launch elevation angle will be positive. Thus the 
ball is still given a slight lift for impacts in the lower 
(negative loft) region of the impact-face provided the 
bottom of the pendulvim arc is kept low as before. 

20 • 

The aim of the present invention is to provide a putter 
that imparts topspin on the ball from al\ pendulum swing 
putts and also maxdLmises the probability of imparting 
positive lift on the ball at impact. It is known that two 
25 mechanisms impart spin with club-on-ball impact in golf, 
namely eccentric impact (commonly known as ^gear-effect') 
•and oblique impact, which is most commonly experienced as 
backspin due to clubface loft. 

30 The gear-effect realised with a putter-head is dependent -on 
the condition that the line of impact i±.e. the line normal 
to the impact surfaces at the point of impact) is offset 
from the centre of mass of the head. It follows that the 
condition for gear-effect in the present invention is also 

35 dependent on, the impact face loft angle at the point of 

impact. We define h (the offset distance between the line 
of impact and he) as follows: 



r 



10 



30 




j3 » jii - he - p X sin(ai) . . - (D 

where h. is the height (millimetres) of the impact point 
measured above the bottom-most part of the putter-head and 
a, (degrees) is the putter face loft angle at the poxnt of 
impact, taken as positive for upward tilt. 

The value of spin attainable with gear-effect is known from 
Newtonian dynamics assuming that the putter-head and golf 
ball behave as free rigid bodies at impact and is gxven by: 



35 



250 X p X h 



15. sg = ' 2 

(3.2 + 70 X M) X + p 

where M is the putter-head mass (kilograms), K is the 
' radius of gyration for rotation about the horizontal heel- 
20 toe axis through the centre of mass (millimetres) and Sa is 
the ratio of the ball' s peripheral velocity due to rotation 
to its linear or translational velocity (^>ercent) . 

For vertical gear effect to impart topspin rather than 
25 backspin, the value of h must be positive. This is 

exemplified in Figure 5a where the line of impact 20a 
(collinear with- the centre of the ball 13 and the impact 
point) passes above the centre of mass 15. 

With pendulmft swing putts the putter-head elevation 
trajectory is always parallel to the sole 6 and therefore 
the spin imparted due to oblique impact is a function of 
the impact-face loft a, but not trajectory, and is gxven 
by: 

0.7 6 X (-oci) ^3 J 

1 + 0.04 X (p/K)^ 



9 



where Sx denotes the percentage spin (defined as for-SG)as a 
function of loft. Note that positive loft imparts negative 
spin or backspin and negative loft imparts topspin^ 
5 Conveniently, it is practical to provide negative loft, 

which in turn imparts topspin, in the lower half 17 of the 
impact-face and this compensates for the fact that h 
defined in Equation 1 normally becomes negative for small 
values of hi. This is depicted in Figure 5b where the line 
10 of • impact 20b is shown to pass below the centre of mass 15. 



The value of h can in practice be kept positive even for 
zero hi by arranging [he - p x sjLn(ai] to remain positive. 
15 However, this option requires severely negative loft, 

especially for smaller values of p and thus undesirably • 
imparts negative ball launch trajectory rather than the; 
desired lift. 

20 It is thus much more preferable to arrange that the sum of 
Si and Sg is positive at least for putts above the lower 
limit of useful impact height, e.g. above 5 millimetres and 
it is preferable that the minimum spin rate is at least 
+2.5% or more preferably +5.0% in this range. However, it 

25 may be desirable to extend the range so that any impact, 
even at nominal zero impact height, imparts topspin and 
that the spin rate from a pendulum stroke on any part of 
the impact-face is at least 2.5%. 

30 It can be seen from Equations 1 to 3 that a number of 

putter-head parameters determine spin rate, namely p/ hc^ 
Mf K and olx (which is a function of impact height) . In the 
putter-head design of Figures 1 to 4 typical value ranges 
are as follows: 



35 



p 16 to 22 
he 6 to 8 



r 




10 



10 



15 



M 0.3 to 0.35 
K 10 to 12 

These value ranges are appropriate for blade style putters 
but for mallet style putters the values .for p and K are 
generally larger. Having selected the above parameters, 
the iiapact-face profile is then designed to obtain the 
requisite miniiaum spin rate, which normally corresponds to 
the lowest impact height of interest (e.g. 5 millimetres or 
nominally zero) , and also the requisite spin rates and/or 
relative launch velocities at other impact heights. 
Preferably the negative loft on any part of the impact-face 
should be not less than -15 degrees but more preferably no 
less than -10 degrees. Table i below gives an example of a 
design based on Figures 1 to 4. 



Table Z 



p = 20 millimetres 
he = 7 millimetres 
•M =0.31 kilograms 
K = 10.5 millimetres 
c»ax= 2.0 deg {hj.> 11.5 mm) 




hi 
(mm) 


OCi 

. (deg) - 


Ss 
(%) 


(%) 


Sg + Si 
(%) 


0 


-9.95 


-5.64 


+6.60 


+1 


5 


-4.69 


-0.58 


+3.12 


+2.5 


12 


+2.0 


+6.84 


-1-33 


+5.5 



20 



\ 



* k 



It is found in practice that the position of the shaft 
hosel 7 has a strong influence on the putter-head rotation 
about the heel-toe axis during the very short duration of 
impact: (less than one millisecond) . This is especially the 
5 case where the moment of inertia about the heel-toe .axis is 
relatively small, which is a necessary condition for 
imparting significant topspin- 

Assuming that the horizontal offset between the shaft 

10 attachment axis and the heel-toe axis has value d and that 
the vertical offset between the shaft point of attachment 
and the heel-toe axis has value. d2, it has been proved 
experimentally that with both d zero and d2 zero or 
negative topspin performance is enhanced^ whereas 

15 increasing either d or d2 reduces the imparted topspin and 
also reduces the variation in launch velocity as a function 
of impact height. Thus, there is empirical evidence that 
if either d or d2 are greater than zero the effective 
radius of gyration Kb is greater than the basic putter-head 

20 radius of gyration K (both measured about the heel-toe axis 
through the putter-head centre of mass) . It follows that 
the ratios d/K and d2/K are important design factors. It 
is considered that d/K should be less than +1.0 or more 
preferably, less than +0.33. Similarly, d2/K should be less 

25 'than +1.0 or more preferably, less than +0.33. * However 
where K is large (as in mallet style putters) it is also 
preferable to have d less than r where r is the radius of 
the putter shaft. 

30* A further advantage of positioning the shaft coupling close 
to the centre of mass is that shaft vibrations due to . 
eccentric impact are m±nimised. In this respect,, it is 
advantageous that the axis of the shaft attachment means 
passes close (preferably not more than K millimetres) to 

35 the putter-head centre of mass (as distinct from the heel- 
toe axis through this centre) . 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



M LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 



□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 




□ GRAY SCALE DOCUMENTS 



